Starting from protected glycine or β-aminopropanoic esters, acyclic 4-alkoxy-or 4-silyloxy-5-aminopent-2-enoate derivatives are conveniently prepared and subjected to condensation with aldehydes, followed by samarium diiodide reduction, to afford substituted pyrrolidine derivatives in good yields and variable stereoselectivity, which was dependent on the type (alkoxy or silyloxy) of substituted-hydroxyl group.
Introduction
Pyrrolidine derivatives 6 (Scheme 1) are interesting compounds because their 3-hydroxypyrrolidine and γ-hydroxy-γ-aminoacid substructures are found in a number of biologically active products. 1 We have recently described the preparation of compounds 4 from vinylogous Mannich adducts 1 and aldehydes 2 (Scheme 1). 2 Because of the intermediacy of a [3.3.0] bicycle 3, products 4 were necessarily obtained with a 3,4-cis-relationship. The alternative possibility of using previously untested analogous reactions of amines 5 was considered interesting, as it could provide an entry into the corresponding hydroxypyrrolidines 6, or derivatives thereof, with a 3,4-trans-stereochemistry. Radicals may be expected as intermediates [2] [3] [4] in the cyclization event leading to 6, and 3,4-trans-relationship is actually predicted by the commonly accepted Beckwith-Houk model 5 , which has been successful in a number of cyclizations of densely oxygenated hex-5-enyl radicals. 6 In this paper we report the efficient formation of products 6 prepared, according to Scheme 1, from amines 5 and aldehydes 2. Products 6 are obtained with variable diastereoselectivity, which is found to be dependent on the hydroxyl protecting group (R 1 ). Amines 5 were then condensed with hydroxymethylbenzotriazole (BtCH 2 OH, a surrogate for benzotriazole and formaldehyde) or, alternatively, benzotriazole (Bt-H) and n-hexanal, and the resulting adducts of type 15 were treated directly, without purification, with SmI 2 to generate the expected pyrrolidines 6, as mixtures of the corresponding cis and trans isomers, in good yields for two steps starting from amines 5 (Scheme 3, Table 1 ). Stereochemical assignments for pyrrolidines 6 were readily made on the basis of the upfield shifts observed in the methine C 3 and C 4 carbons of the cis-isomers relative to the corresponding carbons in the trans-isomers, due to the occurrence of eclipsing interactions in the former.
Scheme 2. Reagents and conditions: (a) PhS(O)
10 Also supportive of the assignments were the downfield shifts observed in the pyrrolidine proton resonances for CHOR 1 of the cisisomers when compared to the same resonance in the trans-products.
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Scheme 3. Reagents and conditions: (a) BtCH 4 Å MS, benzene (5a, b) or THF (5c), rt. (b) SmI 2 , t-BuOH, THF, -78 ºC → rt.
As seen in Table 1 , the choice of alcohol protecting group had an effect on the diastereoselectivity of cyclization. Thus, methoxy derivative 5c gave a 72:28 trans/cis ratio of pyrrolidines 6d whereas the corresponding reactions starting from the silyl TBDMSO-and TBDPSO-derivatives 5a and 5b proceeded with almost no selectivity (~ 1:1 trans/cis for R = H).
11 When compared with the related cyclizations of the rigid lactones 1, these new reactions from acyclic derivatives 5 are found to proceed with diminished stereoselectivity. Nevertheless, from a practical perspective, it is noticed that the acyclic MeO-substituted substrate 5c provided a preparatively useful overall isolated yield (~ 60%) of pyrrolidine trans-6c, whereas going through the related α ,β -unsaturated lactones 1 had been shown to result in the exclusive formation of the corresponding cis-isomers. In summary, the simple synthetic manipulation of readily available protected glycine and β-aminopropanoic esters affords intermediate acyclic 4-alkoxy-and 4-silyloxy-5-aminopent-2-enoate esters which are effective precursors of 3-hydroxypyrrolidine derivatives through sequential aldehyde condensation and SmI 2 -promoted cyclization processes. In the case of alkoxy substitution, the resulting 3-hydroxypyrrolidine derivative was obtained with moderate 3,4-trans-selectivity, a result that nicely complements the cis-selectivity previously observed using α ,β-unsaturated-γ-lactone precursors.
Experimental Section
General Procedures. All reactions involving air-and moisture-sensitive materials were performed under an atmosphere of dry Ar. Dichloromethane, benzene, dimethylformamide and acetonitrile were freshly distilled from CaH 2 . t-Butanol was made anhydrous with Mg-I 2 , distilled and stored over molecular sieves. Tetrahydrofuran (THF) was freshly distilled from sodium/benzophenone and, for reactions with SmI 2 , it was deoxygenated prior to use. SmI 2 (ca 0.1 M in THF) was prepared from Sm and diiodomethane using a literature procedure. 14 
Methyl (E)-5-(benzylamino)-4-hydroxypent-2-enoate (10).
Trifluoroacetic acid (2.90 mL, 37.7 mmol) was added dropwise to a solution of 9 (0.744 g, 2.22 mmol) in CH 2 Cl 2 (16 mL) at 0 °C. The reaction mixture was allowed to reach room temperature and then stirred for 3 h. The solvent was evaporated, and the residue was dissolved in EtOAc (25 mL). The solution was washed with saturated K 2 CO 3 (3 x 10 mL) and brine (15 mL 
Methyl (E)-5-(benzylamino)-4-(t-butyldimethylsilyloxy)pent-2-enoate (5a).
To a solution of 10 (288.4 mg, 1.23 mmol) in dry DMF (4 mL) was added imidazole (166.9 mg, 2.45 mmol), followed by TBDMSCl (368.1 mg, 2.45 mmol), and the mixture was stirred at room temperature for 24 h. After evaporation of the solvent, the residue was dissolved in diethyl ether (15 mL), and the solution was washed with water (12 mL). The aqueous layer was extracted with diethyl ether (5 x 15 mL), and the combined organic layers were washed with brine (25 mL) and dried (Na 2 SO 4 (11) . To a solution of N-benzylglycine ethyl ester (4.43 mL, 24.0 mmol) in CH 2 Cl 2 (106 mL) at 0 ºC was added dropwise Et 3 N (3.68 mL) followed by di-tert-butyl dicarbonate (6.07 mL, 26.4 mmol). The reaction mixture was stirred 1.5 h at 0 ºC and 0.5 h at room temperature, and then it was washed with water (75 mL) and 0.5 M HCl (75 mL). The organic layer was dried (Na 2 SO 4 ), the solvent was evaporated at reduced pressure, and the resulting oil (7.41 g) was purified by flash chromatography (silica gel, 98:2 hexanes/EtOAc and then 3:1 EtOAc/Et 3 N) to give 11 (6.11 g, 87%) as an oil: 1 H NMR δ 7.20-7.35 (m, 5H) . These data are in agreement with those reported in the literature for the same compound. t-Butyl benzyl(2-hydroxybut-3-enyl)carbamate (12) . To a solution of 11 (6.11 g, 20.84 mmol) in CH 2 Cl 2 (15 mL) at -78 °C was added dropwise DIBAL-H (1.0 M in hexanes, 21 mL, 21 mmol) and the solution was stirred for 3 h. The reaction mixture was allowed to reach -20 °C (bath temperature), it was stirred 45 min and then cooled again to -78 °C. Vinylmagnesium chloride (1.6 M in THF, 39 mL, 62.4 mmol) was added dropwise, the bath temperature was raised to 0 °C, and the mixture was stirred further 2.5 h and poured over a saturated solution of NH 4 Cl (75 mL). After adding Na 2 SO 4 (14 g), the resulting suspension was stirred at room temperature for 14 h and filtered after addition of Celite (5 g). The solid residue was thoroughly washed with CH 2 Cl 2 , and the washings were added to the filtrate. The layers were separated, and the aqueous phase was extracted with CH 2 Cl 2 (2 x 100 mL). The combined organic layers were washed with brine (100 mL) and dried (Na 2 SO 4 ). After solvent evaporation at reduced pressure, the crude product was purified by flash chromatography (silica gel saturated with Et 3 N, 88 
Ethyl 5-[benzyl(t-butoxycarbonyl)amino]-4-methoxypent-2-enoate (14)
. Ozone (0.4 A, 100 L/h) was bubbled through a solution of 13 (0.58 g, 2.00 mmol) in CH 2 Cl 2 (4.0 mL) at -78 °C until a blue solution was obtained. Argon was bubbled until discoloration and then Me 2 S (1.47 mL, 20.0 mmol) was added. The solution was allowed to warm to room temperature and stirred for 3 h. Ethoxycarbonylmethylentriphenylphosphorane (0.95 g, 2.74 mmol) was added in portions to the cooled (0 °C) solution. The mixture was stirred 1.5 h at 0 °C and 0.5 h at room temperature. Diethyl ether (10 mL) and water (10 mL) were added and the layers were separated. The organic layer was washed with brine (5 mL) and dried (Na 2 SO 4 ). After solvent evaporation at reduced pressure, the residue was purified by flash chromatography (silica gel saturated with 
Ethyl (E)-5-(benzylamino)-4-methoxypent-2-enoate (5c).
Trifluoroacetic acid (0.67 mL, 8.67 mmol) was added dropwise to a solution of (E)-14 (0.186 g, 0.51 mmol) in CH 2 Cl 2 (4.0 mL) at 0 °C. The reaction mixture was allowed to reach room temperature and was stirred for 3 h. The solvent was evaporated, and the resulting residue was dissolved in EtOAc (4 mL). The solution was washed with saturated K 2 CO 3 (3 x 2 mL) and brine (2 mL), and it was dried (Na 2 SO 4 ). Evaporation of the solvent at reduced pressure afforded 5c (117 mg, 87%): 1 H NMR δ 1.29 (t, J 
Procedure for SmI 2 -mediated cyclizations
In a typical experiment, a mixture of amine 5 (0.59 mmol), N-(hydroxymethyl)benzotriazole (89.2 mg, 0.59 mmol) (or alternatively, the corresponding amounts of benzotriazole and nhexanal), and 4 Å molecular sieves (292 mg) in benzene (5a,b) or THF (5c) (1.5 mL) was stirred overnight at room temperature. The resulting suspension was filtered over Celite, the solid residue was washed with EtOAc (60 mL), and the solution was evaporated to dryness to yield the crude adduct 6. Without further manipulation, this was dissolved with t-BuOH (0.11 mL, 1.15 mmol) in THF (12 mL), and the resulting solution was added dropwise to a solution of SmI 2 (ca 0.1 M in THF, 18 mL, 1.80 mmol) 14 at -78 °C. The mixture was stirred at -78 o C for 30 min and allowed to warm to room temperature. After further stirring for 2 h, the reaction mixture was quenched with a 1:1 mixture of saturated K 2 CO 3 solution and water (30 mL). After separation, the aqueous layer was extracted with EtOAc (3 x 30 mL), and the combined organic layers were washed with brine (10 mL) and dried (Na 2 SO 4 ). The residue after evaporation was purified by flash column chromatography in silica gel saturated with Et 3 N to yield pyrrolidines 6 as oils.
Methyl 2-[1-benzyl-4-(t-butyldimethylsilyloxy)pyrrolidin-3-yl]acetate (6a). Prepared from 5a
and N-(hydroxymethyl)benzotriazole. Elution with 97:3 hexanes/Et 3 N yielded trans-6a (48%) and cis-6a (40% 4.49 (td, J = 5.9, 5.1 Hz, 1H, 11H), (m, 4H); 13 C NMR δ 19.3 (C), 26.9 (CH 3 ), 33.1 (CH 2 ), 39.1 (CH, C-3'), 51.4 (CH 3 ), 57.9 (CH 2 ), 60.3 (CH 2 ), 61.8 (CH 2 ), 73.0 (CH, C-4'), 126.9 (CH), 127.5 (CH), 127.6 (CH), 128.1 (CH), 128.6
